A method to locally optimise anisotropic composite panels with T shape stiffeners is provided. The technique divides the optimisation problem into two levels. At the first level, composite optimisation is performed using Mathematical Programming (MP), where the skin and the stiffeners are modelled using lamination parameters accounting for their anisotropy and transverse shear stiffness. Skin and stiffener laminates are assumed to be symmetric, or mid-plane symmetric laminates with 0, 90, 45 or -45 degree ply angles. The stiffened panel is subjected to a combined loading (in-plane and out-of-plane) under strength (laminate or ply failure), buckling and practical design constraints. Out-of-plane loading is caused by lateral pressure, initial geometric imperfections and eccentricities in the in-plane loading. The manufacture of the stiffener is embedded within the design variables. Ply contiguity constraints are imposed at this level to improve convergence towards a practical laminate design. At the second level, the actual skin and stiffener lay-ups are obtained using a Genetic Algorithm (GA), accounting for manufacturability and design practices. This approach benefits from MP at the first level where complex structural analysis is performed and from GA at the second level where the discrete lay-up combinational problem is solved. Moreover, modelling laminate anisotropy enables engineers to explore and potentially use elastic tailoring to their advantage. = ply thickness t a = thickness of the stiffener flange t sf = total thickness of the stiffener flange t sw = thickness of the stiffener web t w
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I. Introduction
he commercial aviation industry is progressively employing composite materials as primary structures in order to reduce weight while maintaining structural integrity. Primary flight structures such as wings, fuselages or empennages are mainly designed using stiffened panels under combined in-plane and out-of-plane loading. Composite materials are characterised by their high specific strength and stiffness ratios 1 . Moreover, in contrast to metallic structures, composite structures can be stiffness tailored. This latter feature is intimately related to their design and manufacture. Due to practical, yet often limiting, manufacturing considerations, composite panels have been restricted to symmetric or mid-plane symmetric laminates with 0, 90, 45 and -45 degree ply angles. Additionally, the manufacture of T shape stiffeners increases design complexity as thickness variation is permitted in the stiffener web and flange by adding extra and capping plies respectively.
Generally, composite materials might exhibit some degree of anisotropy. Flexural anisotropy, for instance, has an impact on buckling behaviour 2 and if neglected in the buckling analysis results can be non-conservative 3 . Nemeth 4 described the importance of flexural anisotropy and provided bounds within which its effect would be significant. Flexural anisotropy is intrinsically related to the laminate stacking sequence. Furthermore, transverse shear deformation could significantly affect the response of anisotropic laminates 5 . Theories formulated [6] [7] [8] [9] [10] [11] [12] [13] have covered this effect by factorising the transverse shear properties [9] [10] , employing energy principles in cylindrical bending [11] [12] or applying a weighting function to the transverse shear stresses 13 . Moreover, composite structures may be exposed to out-of-plane displacements. Out-of-plane displacements are produced by out-of-plane loading, which in turn is caused by lateral pressure, initial geometric imperfections and eccentricities in the in-plane loading. Giles and Anderson 14 studied the effect of eccentricities and lateral pressure of the design of composite stiffened panels. Computer programs like PASCO 15 , VICONOPT 16 and PANDA2 17 incorporate the out-of-plane effects in their analysis methods.
Throughout the years, optimisation techniques have been developed to assist in composite design . The nature of composite optimisation is non-linear. The lay-up optimisation problem is a non-linear problem with discrete variables which has a non-convex design space. Early work on composite optimisation started with Schmit and Farshi [18] [19] , who optimised symmetric laminates with homogeneous and orthotropic properties, considering ply thicknesses as continuous variables. In the same trend, Stroud and Agranoff 20 optimised composite hat-stiffened and corrugated panels with orthotropic properties, using non-linear mathematical techniques with a simplified set of buckling equations as constraints. The dimensions of the cross sections were the design variables. 26 used integer programming techniques and lamination parameters to carry out laminate stacking sequence optimisation under buckling and buckling and strain constraints respectively on symmetric and balanced laminated plates. However, integer programming techniques usually require large computational resources as problem complexity increases.
Fukunaga, Sekine, Sato and Iino 27 used MP techniques and lamination parameters to maximise buckling loads under combined loading of symmetric laminates including the effect of the flexural anisotropy. Their findings highlighted that under shear and shear-normal loading flexural anisotropy could increase or decrease the critical buckling load. Grenestedt 28 performed lay-up optimisation of shear panels with and without flexural anisotropy under buckling loads showing that the optimum point was expected to be off axis.
T
An alternative to integer programming and MP is the use of GAs. GAs are search algorithms based on the mechanics of natural selection and natural genetics 29 , which do not require gradient information. GAs are widely used for their ability to tackle search spaces with many local optima 30 and therefore a non convex design space. This latter feature makes them suitable for the discrete lay-up optimisation 31 . Nagendra, Haftka and Gürdal [32] [33] investigated the application of a GA to the design of blade stiffened composite panels. VIPASA 34 was used as the analysis tool and results were compared with PASCO, which uses VIPASA as the analysis tool and CONMIN 35 as optimiser. Although it was concluded that the designs obtained by the GA offered improved performance over the continuous designs, the large computational cost associated with GAs was recognised. Bushnell 36 provided different strategy using PANDA2 to find the minimum weight design of composite flat and curved stiffened panels. It was shown that PANDA2 could handle structure dimensions, thicknesses and ply angles as design variables. Results were compared with the literature and with STAGS 37 . More recently, Liu, Butler, Mileham and Green 38 employed VICONOPT to perform optimisation of composite stiffened panels under strength, buckling and practical design constraints. A bi-level approach was adopted. VICONOPT was employed at the first level to minimise the panel weight, employing equivalent orthotropic properties for the laminates with continuous thickness, whereas at the second level laminate thicknesses were rounded up and associated with pre-determined design lay-ups.
A combined strategy using MP techniques, GAs and lamination parameters, was initially proposed by Yamazaki 39 . The optimisation was split into two levels. Firstly, a gradient based optimisation was performed using the lamination parameters as design variables. Secondly, the lamination parameters from the first level were targeted using a GA. Among other objectives, buckling load and natural frequencies of a composite panel were optimised. Autio 40 following a similar approach, investigated actual lay-ups. A more sophisticated approach was formulated by Todoroki and Haftka 41 to maximise the buckling load of a composite plate. Their approach was also divided into two levels. First, the lamination parameters were used to identify the neighbourhood of the optimum design. Next, a response surface approximation was created in that neighbourhood and the GA was applied to that approximation.
Diaconu and Sekine
42 contributed to lay-up optimisation with the definition of the lamination parameter feasible region. They performed lay-up optimisation of laminated composite shells to maximise the buckling load, using the lamination parameters and including their feasible region. They defined the relations between the membrane, coupling and bending lamination parameters for ply angles restricted to 0, 90, 45, and -45 degrees. Although developed independently from each other, their definition of the feasible region for the lamination parameters was consistent with the one provided by Liu and Haftka 43 for only two membrane and bending lamination parameters.
The authors' previous work 44 , based upon a two level optimisation approach, which couples MP with GAs, has shown that composite anisotropy, and hence elastic tailoring can be used to improve structural performance of composite stiffened panels. Design constraints such as laminate failure strength, local and global buckling or practical design rules were considered. Manufacturing details of the stiffener were embedded within the optimisation. This paper extends that work and its novelty lies in the evaluation of failure strength at ply level, the definition of the laminate transverse shear properties as a function of the lamination parameters, the addition of ply contiguity constraints at the first level and finally the inclusion of out-of-plane loading caused by lateral pressure, initial geometric imperfections and eccentricities in the in-plane loads.
II. Super-stiffener geometry and loading
The composite stiffened panel is assumed to be wide and composed of a series of skin-stiffener assemblies or super-stiffeners under combined loading (in-plane and out-of-plane). Each super-stiffener element consists of three flat plates that are considered to be rigidly connected (all degrees of freedom match at the interface), corresponding to the skin, stiffener flange and stiffener web respectively. The behaviour of the stiffened panel is modelled by a single super-stiffener element. Figure 1 defines the super-stiffener geometry, material axis, and positive sign convention for the applied loading. The geometry of the stiffener is affected by its design and manufacturing process. Four different stiffener configurations can be considered. The stiffener is manufactured as a back to back angle (Fig. 2a) , adding capping plies in the stiffener flange (Fig. 2b) , or extra plies in the stiffener web (Fig. 2c) , and finally the combination of the previous configurations (Fig. 2d) . 
III. Laminate constitutive equations
The laminate constitutive equations for the skin, stiffener flange and stiffener web, are obtained by considering Transverse Shear Deformation (TSD) 45 in each of them. Thus,
The above properties can be expressed in terms of material stiffness invariants (U,U * ) and twelve lamination parameters ( ξ ) (e.g. Ref. 23) . As laminates are considered to be symmetric or mid-plane symmetric, the membranebending coupling matrix (B) will vanish. This also reduces the number of the lamination parameters to eight. In addition, individual plies are assumed to be orthotropic and laminated at only 0, 90, 45, and -45 degree fibre angles. As a result, the lamination parameters are further decreased to six. The membrane, bending and transverse shear stiffness terms are as follows, 
The lamina stiffness properties (Q) are related to the ply Young's moduli and Poisson's ratios by the following equations, 
IV. Out-of-plane loading
Out-of-plane loading is caused by the action of lateral pressure, the presence of initial geometric imperfections in the panel and eccentricities in the applied in-plane loading. Out-of-plane loading is manifested as a result of out-ofplane displacements generated by non-linear bending moments, which eventually develop out-of-plane strains. The non-linear bending moments are calculated using Timoshenko's beam-column theory 46 and following Ref. 15 . This implies that the stiffened panel and hence the super-stiffener behaves as a wide column with simply supported or clamped conditions along the width. The non-linear bending moments are calculated at certain evaluation points, where they have a maximum value. For instance, an evaluation point is located at the centre of the panel if the panel is assumed simply supported or at the centre and at one of the edges if the panel is assumed clamped. Figure 3 shows the types of out-of-plane loading herein considered. Bow and eccentricity are positive as shown in Fig. 3 . A. Lateral pressure The non-linear bending moment for a simply supported beam under lateral pressure and in-plane loading, at the centre of the span 46 is given by,
The non-linear bending moments for a clamped beam under lateral pressure and in-plane loading, at the centre of the span and at its edges 46 , are given by,
B. Initial geometric imperfections
Initial geometric imperfections herein used, are the so-called bow type imperfections. The non-linear bending moment for a simply supported beam with a bow and in-plane loading at the centre of the span 46 is, 
C. Eccentricities in loading
The non-linear bending moment in a simply supported beam produced as a consequence of an eccentricity in the in-plane loading at the centre of the span 46 is as follows,
Following Ref. 15 the expressions for the combined non-linear bending moments at the centre and at the edges of the stiffened panel, are respectively,
* Note that when u is imaginary, the non-linear bending moments are still real since the trigonometric terms transform into hyperbolic functions.
As in Ref. 15 , these non-linear bending moments are assumed to act over the entire stiffened panel (superstiffener) length. They are used to calculate the out-of-plane strains to assess failure strength and the prebuckling strains for buckling analysis. Prebuckling strains are only applied to local buckling modes, and not to global modes as for the latter the non-linear bending moments tend to infinity. Note that this analysis method provides an approximation of the non-linear behaviour for the stiffened panel mainly under the action of normal in-plane loading.
V. Local optimisation strategy
The local optimisation strategy as in Ref. 44 is shown in Fig. 4 . The strategy consists of two levels. At the first level, the optimum dimensions and lamination parameters of the super-stiffener element are obtained by utilising gradient based techniques. At the second level, a GA is used to target the optimum lamination parameters from the previous level to obtain the actual lay-ups for both the skin and the stiffener.
D. First level-Gradient based optimisation
At this level a non-linear constrained local optimisation is performed. The basic mathematical optimisation problem can be expressed as follows,
In this case the objective function is the mass of the stiffened panel per unit of width (or super-stiffener element), the inequality constraints are strength, local and global buckling, as well as practical design rules. The design variables, which depend on the stiffener type, are the thicknesses of the skin, stiffener flange and web as well as their related membrane and bending lamination parameters. MATLAB 47 is employed to conduct the gradient based optimisation. 
Objective function
The objective function is the mass of the super-stiffener element. The mass as a function of the design variables, materials properties and geometry is given by,
where the skin and stiffener areas, are defined as follows,
Design variables
The design variables 44 for the super-stiffener element, depending on the stiffener type are listed in Table 1 . 
As stiffener type c, knowing that a sf t t ⋅ = 2
Design constraints
The following sections describe in detail the constraints used for the optimisation of the super-stiffener element. 
In addition, the bounds that define the interaction between the membrane and bending lamination parameters 42 are given as follows, 
Those constraints are applied to the skin, stiffener flange and web laminates, respectively. 
The in-plane applied strains are given by,
The out-of-plane strains are developed by the non-linear bending moments as a consequence of the out-of-plane loading. Thus,
where i z is the vertical distance measured from the super-stiffener centroid to the extreme fibres of the skin, stiffener flange and stiffener web respectively. The laminate strength load factor is given by the ratio between the allowable and applied strain. Hence,
where T and C denote tension and compression respectively.
Failure strength at laminate level, for both the tension and compression cases, is implemented as constraints as follows,
These constraints are applied to the skin, stiffener flange and stiffener web laminates, respectively.
Failure strength at ply level Maximum strain criteria 1 is used to assess failure strength at ply level. Ply angle strains in tension, compression and shear in 1, 2 and 12 directions respectively, are restricted not to exceed an allowable strain value. The CLT is used to calculate the strains in the ply angle directions. Thus, 
Failure strength at ply level, for both the tension and compression cases, is defined as constraints as follows,
These constraints are applied to each of the skin, stiffener flange and stiffener web ply angles, respectively.
3) Buckling constraints As in Ref. 44 , local and global buckling constraints on anisotropic composite stiffened panels are evaluated by Finite Element (FE) Analysis. Local buckling constraints comprise: failure of the skin and the stiffener web as well as the skin-stiffener interaction. Global buckling constraints comprise overall failure of the stiffened panel.
FE Analysis MD NASTRAN
50 is used to perform linear buckling analysis (SOL 105) 51 . The super-stiffener is modelled using quadrilateral elements of four nodes (CQUAD4). A minimum of five nodes are used per half wave length 51 . The skin, stiffener flange and stiffener web dimensions as well as their membrane, bending and transverse shear properties are introduced using PSHELL and MAT2 cards. Rigid body elements (RBE2s) are employed to simulate rigid connections and to account for the offsets between the skin and the stiffener flange as well as the stiffener flange and the stiffener web, respectively. The super-stiffener is assumed to be simply supported along the short edges and restrained in longitudinal rotation along the long edges. This rotation provides symmetry (or continuity) conditions and simulates that the stiffened panel consists of a series of super-stiffener elements. Normal loading is introduced via RBE2 elements, transverse and shear loading using nodal forces and out-of-plane loading is applied by opposite and equal moments along the width to produce the prebuckling strains. This FE modelling technique captures both local and global buckling behaviour of an anisotropic stiffened panel. Figures 5-6 show in detail the features of the FE modelling. Buckling load factors are calculated with and without the influence of out-of-plane loading as certain loading conditions may stabilise the skin and create instability in the stiffener web or vice versa. Furthermore, prebuckling strains are only applied to local buckling modes so global buckling is the asymptote of the panel's behaviour. Note that the longitudinal bending stiffness of the super-stiffener ( ) c EI is determined numerically by FE.
4) Practical design constraints
Practical design constraints are taken from Ref. 44 . The design constraints are described in the following sections.
Percentages of ply angles
The percentages of the ply angles are directly proportional to the volume fraction of the plies that constitute the laminate and hence directly related to its membrane lamination parameters 22 . For composite design, Niu 52 proposed that at least 10% of each ply orientation should be provided. The maximum and minimum percentages of the ply angles for the skin, stiffener flange and stiffener web are limited. The percentages of the 0, 90, 45, and -45 degree ply angles for each of those elements are given by,
The maximum and minimum percentages of the 0, 90, 45, and -45 degree ply angles are implemented in terms of design constraints as follows, 
Skin gauge
The minimum skin gauge is usually related to the danger of a puncture due to lightning strike 52 . Skin gauge is considered by limiting the maximum and minimum skin thickness. Thus, the design constraints for the skin gauge are as follows, Ref. 25 suggests that to prevent matrix cracking a maximum of four plies with the same fibre angle should be staked together. Hence, for this paper, p is equal to 4. For this work an acceptable value ofη is assumed to be 0.1.
Sensitivities
Failure strength, lamination parameter and practical design constraints sensitivities 53 are calculated by the forward finite difference approximation given by,
where j x ∆ is a small perturbation times the jth design variable. After a trial error exercise, a suitable step size for the perturbation was determined as 0.0001.
Buckling load factor or eigenvalue sensitivities are computed in MD NASTRAN using the design sensitivity and optimisation solution (SOL 200) 54 . Accounting for the prebuckling state due to out-of-plane loading, it can be demonstrated that the expression for the eigenvalue sensitivities is as follows,
E. Second level-GA based optimisation
A standard GA (e.g. Ref. 55) is employed at this level to solve the discrete lay-up optimisation problem. The lamination parameters from the first optimisation level are targeted to obtain the laminate stacking sequences for the skin, stiffener flange and web respectively. The GA is applied separately to the skin, stiffener flange and web. The structure of a standard GA is well reported in the literature [29] [30] 55 . The GA used in this paper includes the following operators: initial population, evaluation, crossover, reproduction, mutation and elitism.
Fitness function
The fitness function is expressed in terms of the square difference between the optimum and targeted lamination parameters Additionally, if required, a set of ±45 degree plies can be located at the out of surface of the laminate. This design constraint is enforced during the generation of the initial population.
Genes and chromosomes
As in Ref. 44 , the design variables are the thicknesses and the 0, 90, 45, and -45 degree ply angles that constitute the laminate stacking sequences for the skin, stiffener flange and web respectively. Those variables are encoded and modelled as chromosomes in genes within the GA. The corresponding encoded chromosomes to ply angles are: 1, 2, 3, 4, 5, 6 and 7 for ± 45, 90 2 , 0 2 , 45, -45, 90 and 0 degrees respectively. Figure 7 shows the modelling of the skin gene. The total skin thickness is given by h, the encoded ply angle is θ and n corresponds to half or half plus one plies depending on whether the skin laminate is symmetric or mid-plane symmetric. The modelling of the genes for the stiffener flange and web, depending on the stiffener type, are shown in Fig. 8 . The variables a t and w t are defined in Table 1 , where ψ and φ are the encoded ply angles for the stiffener flange and web respectively, and m and q are half or half plus one plies depending on whether the stiffener flange and web laminates are symmetric or mid-plane symmetric.
Stiffener types a-b First, the strength and buckling methods described in Sections V.D.2-3, were used to evaluate the optimum design from Ref. 38 . Table 3 provides the strength and buckling load factors (with and without transverse shear effects) for that optimum design. Note that failure strength in Ref. 38 is assessed at laminate level. Good correlation has been found between the methods herein presented and the results reported in Ref. 38 , which used VICONOPT. It is observed that the buckling load factor obtained with FE is approximately 4.7% lower (no transverse shear) than the one provided by VICONOPT, corresponding to the critical buckling mode for the local skin-stiffener interaction. It is also observed that when transverse shear effects are included, the buckling load factor drops significantly (approx. 14.9%). It is clearly seen that in this specific case, the buckling load factors calculated with FE lead to conservative results. Buckling load factors were also evaluated assuming the shear load in the skin as a dead load (load that is not affected by the buckling load factor). Analysis showed a maximum difference of approximately 0.2% between live and dead shear loads. When transverse shear properties were calculated it was assumed that each ply was transversely isotropic 56 . In addition, buckling load factors were calculated using the transverse shear properties as shown in Section III and PCOMP cards in MD NASTRAN. It was observed that the results correlated well, showing small discrepancies (max. approx. 1.4%) although on the conservative side. On the other hand, the strength load factor calculated herein is 1% higher than the one given by VICONOPT. Next, the two level optimisation was applied to the problem described in Ref. 38 . The stiffener type b was selected to perform the optimisation due to its resemblance to the blade stiffener used in Ref. 38 . At the first level, the minimum skin thickness was defined as 3.312 mm (18 plies), the minimum width of the stiffener flange was bounded to 68 mm and the minimum percentage of each ply angles was set to 10. Gradient based optimisation was performed under strength, buckling and ply contiguity constraints. At the second level, a GA code was used with a population of 40, 200 generations, a 0.7 probability of crossover, a 0.05 probability of mutation, with all weighting factors for the lamination parameters equal to 1, ply contiguity constraints and locating at least one set of ±45 degree plies at the outer surface of the skin and stiffener laminates. Note that in Ref. 38 the maximum number of plies stacked together is 3, whereas in this paper it is 4. Results are collected in Table 4 . Continuous (W c ) and discrete (W d ) weights are provided. The first and second design neglected and considered transverse shear effects respectively. Table C-1 in Appendix C provides the thicknesses and the lamination parameters for the first and second optimisation levels. It is observed that a good correlation between the lamination parameters at both levels exits. Although difficult to assess, it is important to note that the maximum number of plies that can be stacked together, as well as the manufacturing process for the stiffener, have an impact on the optimum design and hence on the weight. Furthermore, examining the critical load factors, it is seen that this example is driven mainly by strength in the longitudinal direction. Hence, the optimum super-stiffener laminates did not significantly benefit from flexural anisotropy. Note that the shear loading is small in comparison to the normal loading. For other cases, elastic tailoring effects have shown substantial gains (e.g. Ref. 44) . It was also observed that ply contiguity constraints at the first level were not active and hence did not have an influence of the optimum design.
Additionally, an optimum design corresponding to an anisotropic stiffened panel with T shape stiffeners (stiffeners type a) under strength, buckling, practical design and ply contiguity constraints, is taken from Ref. 44 Table 5 shows the selected super-stiffener design. Table 6 lists the strength load factors for the 0, 90, 45 and -45 degree plies for the skin, stiffener flange and stiffener web. Ply strain allowables are assumed to be 3600µε in tension and compression in 1 and 2 direction and 7200µε in shear (12 direction). From these results, it is clearly seen that there are other plies that fail apart from the 0 degree plies. Note that designing for failure strength at laminate level involves limiting the strains in the 0 degree ply in 1, 2 and 12 directions. This is because the material axis of the 0 degree plies aligns with the laminate axis (plate). In addition, it is observed that the lowest strength load factor corresponds to the ± 45 degree plies in 1 and 2 directions respectively. This is believed to be because the skin contains membrane anisotropy, which implies that the skin laminate shears under tension or compression load. Note also that the lowest strength load factor reported in Ref. 44 was initially in the stiffener, it is now in the skin due to its membrane anisotropy. This suggests that if the laminates exhibits membrane anisotropy, special care should be taken when designing for strength as failure at laminate level might not capture completely the ply failure phenomena. Table 7 . For this example, it is clearly seen that failure strength at ply level has an associated weight penalty of approximately 2.1%. Note that the new optimum design places more ±45 degree plies in the skin while removing plies from the stiffener to keep the weight to a minimum. Table C-2 in Appendix C gives the thicknesses and the lamination parameters for the first and second optimisation levels. Once again, it is observed that a good correlation between the lamination parameters at both levels exists. 
VII. Conclusions
A method to locally optimise anisotropic composite panels with T shape stiffeners has been presented. The method builds upon the authors' previous work. The optimisation problem is divided into two levels. At the first level, and for computational efficiency, a single super-stiffener element representing the stiffened panel is optimised using MP. The super-stiffener laminates are characterised using lamination parameters accounting for their membrane and flexural anisotropy as well as and transverse shear stiffness. The super-stiffener is subjected to a combined in-plane and out-of-plane loading under strength, buckling, stiffener manufacturability and practical design constraints. The super-stiffener laminates are assumed to be symmetric, or mid-plane symmetric laminates with ply angles restricted to 0, 90, 45, or -45 degrees. The optimum dimensions and lamination parameters for the super-stiffener are obtained. At the second level, a GA code is used the target the optimum lamination parameters to find the actual lay-ups for the super-stiffener laminates (skin, stiffener flange and web) considering ply contiguity and the stiffener manufacture without the need to perform strength or buckling analysis.
Expressions to calculate transverse shear properties as a function of the lamination parameters have been provided. Buckling load factors have been calculated using PCOMP cards in MD NASTRAN and those expressions. Good correlation in results has been found. The maximum difference for the case tested was 1.4% being, on the conservative side. Ply contiguity constraints have also been formulated as a function of the lamination parameters to be used within the continuous or gradient based optimisation. For the cases studied, it has been observed that they were not active and therefore did not influence the optimum design. These constraints are expected to influence the design when high percentages of 0 or 90 degree plies are needed and buckling is an active constraint. The two level optimisation described herein has compared well with other work. It has shown a potential weight saving of approximately 1.9% with respect to the optimised stiffened panels reported in Ref. 38 . It has also shown that the weight penalty associated with transverse shear is approximately 2.5% and that neglecting transverse shear effects might invoke earlier buckling failure. For the case assessed the buckling load factor decreased by approximately 14.9%. Furthermore, failure strength at ply level has been assessed and implemented at the first optimisation level. It has been shown that if the composite stiffened panel contains membrane anisotropy it might fail in plies other than the 0 degree plies, if it is designed for failure strength at laminate level. Thus, special consideration should be taken at the design stage. For the example presented, it has also been shown that assessing failure strength at ply level had a weight penalty of approximately 2.1%.
In addition, good agreement has been found between the lamination parameters at the first and second optimisation levels. Although this two level optimisation is an FE driven optimisation at the first level, the computational cost associated was affordable.
Note that the new developments contained in this paper such as transverse shear properties or ply contiguity constraints as a function of the lamination parameters, are general and could be applied by their own to other work or studies. where p is the maximum number of plies of the same orientation that can be stacked together.
The volume fraction of the ±45 degree plies remaining after blocking the already left (unblocked) 90 degree plies, is determined by, 
Appendix C
This appendix contains the tables with the thicknesses and the values of the lamination parameters at the two optimisation levels, for the optimum designs herein presented. 
